We report the synthesis of three new octahedral bis(2-thenoyltrifluoroacetonato)- 
. On the other hand, they are vital building blocks in many pharmaceuticals as well as natural products that exhibit high biological activity [2] . In the field of coordination chemistry, the ability of β-diketones that are also key structural units of numerous chelating ligands, to form chelate supported coordination compounds with different structures and properties with transition-metal and lanthanide ions has been profusely studied [3] [4] [5] . These properties are widely used in the development of extraction methods for the separation of metallic ions with similar properties [6] . Among them, the 4,4,4-trifluoro-1-(2-thienyl)-1,3-butanedione or 2-thenoyltrifluoroacetone (TTA) called our attention owing to its various properties as ionic metal extracting agent [7] [8] [9] , in the design of luminescent compounds [10] , and for its biological activities, for instance, as inhibitor of the mitochondrial electron flux [11] . Moreover, incorporation of thienyl groups in a molecule opens up the opportunity to generate polymeric [12, 13] and metallopolymeric materials [14, 15] , either through chemical or electrochemical oxidation of the thienyl functionality [16] [17] [18] . In addition, fluorinated compounds, including those containing the trifluoromethyl moiety, are in general the focus of much interest in modern medicinal chemistry and ideal for use in drug design because of their good biological activity and low toxicity [19] [20] [21] . Indeed, the existence of a trifluoromethyl group in a bioactive compound might be expected to induce great changes in molecular properties, such as the hydrophobicity, solubility, special biomimetic effects and electronegativity [22] . Surprisingly, the reactivity of the β-diketones containing thienyl moieties with diamines has been scarcely reported in the literature [23] .
In the last few years, we have prepared different kinds of β-diketones [24] [25] [26] to be used as precursor for the preparation of several Schiff base ligands [25] , metal complexes [27] and Schiff base oligomers [28] . Such condensation reactions proceed via the nucleophilic addition of the primary amine onto the carbonyl carbon giving a hemiaminal -C(OH)(NHR)-intermediate which, depending on the functional groups (R) and the experimental conditions evolves to the formation of a heterocyclic or a polydentate Schiff base compound [29] .
Formation of heterocyclic species, namely, 1,4-diazepine and 1,5-benzodiazepine, was indeed observed when 2-thenoyltrifluoroacetone was reacted with 1,2-diaminoethane (en) and 1,2-diaminophenyl, respectively [30] , instead of the desired 2-thienyl-containing ONN-tridentate 4 Schif base hemiligands [25, 31, 32] . Thus, in the quest to prepare thienyl-containing N 2 O 2 tetradentate Schiff base compounds, we attempted condensation reactions by using readily available bis [4,4,4- Schiff base complex [33] . In this work, we report on the isolation and full characterization including single crystal X-ray diffraction analysis, of octahedral [M(TTA) 2 (en)] (M = Co, 2a;
Ni, 2b; Cu, 2c) resulting from the coordination of the diamine onto the corresponding starting metal-chelate templates.
Experimental

Materials and physical measurements
Reactions were performed under dry nitrogen or argon atmosphere using standard Schlenk techniques. All starting materials and organic solvents were purchased from commercial sources and used as received. Solid-state FT-IR spectra were recorded on a Bruker IFS28 FTIR infrared spectrophotometer with KBr disks in the 4000 to 400 cm -1 range.
UV-vis spectra were recorded on an UVIKON XL spectrophotometer. High resolution electrospray ionization mass spectra (ESI-MS) were obtained either with an Agilent 6530 QTOF or a Bruker MAXI 4G mass spectrometer. Elemental analyses were conducted on a Thermo-FINNIGAN Flash EA 1112 CHNS/O analyzer. Cyclic voltammetry (CV) measurements were performed using a CHI604E potentiostat and a standard three-electrode set-up made of a platinum working electrode, a platinum wire auxiliary electrode, and SCE as reference electrode. The system was purged with dinitrogen and maintained under inert . Ferrocene (Fc) was added as an internal standard at the end of each experiment. The Fc/Fc + couple was located at E ½ = 0.40 V (∆E p = 0.09 V; i pa /i pc = 1.0) [34] , where E ½ was calculated from the average of the oxidation and reduction peak potentials. Melting points were measured in evacuated capillaries on a Kofler Bristoline melting point apparatus and are uncorrected. 
Synthesis of precursors 1a-c
A Schlenk tube was loaded with a stirring bar, 
(vs) δ(C-H C 4 H 3 S).
Complex [Cu(TTA) 2 (en)] (2c)
X-ray Crystal Structure Determinations
A crystal of appropriate size and shape of each of the compounds 2a, 2b and 2c was coated with Paratone-N oil, mounted on a cryoloop and transferred to the cold gas stream of a cooling device. Intensity data were recorded at T = 150(2) K on a Bruker APEXII AXS diffractometer using Mo-Kα radiation (λ = 0.71073 Å), equipped with a bidimensional CCD detector, and were corrected for absorption effects using multiscanned reflections. All the structures were solved by direct methods using the SIR97 program [35] and then refined using full-matrix least-squares methods based on F2 (SHELXL-97) [36] . The disorder observed for the carbon and sulfur atoms of the thiophene fragment in the three compounds was modelled through Fourier difference maps analysis and refined. A summary of the details of the data collection and refinement for the X-ray structures of the three compounds is given in Table 1, and additional crystallographic details are in the CIF file. ORTEP views were drawn using OLEX2 software [37] . We then attempted the condensation reactions between the precursor compounds 1a-c 
X-ray Crystallographic Studies
Complexes 2a, 2b and 2c were crystallized by slow evaporation of ethanolic solutions as orange, yellow and green rectangular-shaped crystals, respectively. Both cobalt (2a) and copper (2c) complexes are arranged in a triclinic crystal system in the centrosymmetric space Selected bond lengths and angles for 2a and 2c are provided in Table 2 (their atom labeling is the same). Those of 2b are given in Table 3 . Other selected metrical data for 2a
and 2c are provided in Table S1 . In the three compounds, the metal is ligated to a couple of (Tables 2 and 3 ).
According to Jahn-Teller effect [47] (Table 2) . As in 2a and 2c the M(II) center does not reside on a crystallographic inversion center, the trans O-M-O and O-M-N angles deviate slightly more from linearity compared to the nickel analogue 2b (see below). They indeed vary between 172.8(2)° and 178.6(2)° ( Table 2 ).
The O-M-O bite angles are found in the narrow range 85.64(11) -87.0(2)° (Table 2) (Table 3 ) are similar to those reported for octahedral Ni(TTA) 2 (N-N) species [43] . (7) 1.271 (4) Finally, within the crystal structures of 2a-c there is a number of intermolecular hydrogen bond interactions of the type N-H···O that creates, in each case, a chain structure in the packing (Fig. S1 and Table S2 ).
Electronic absorption spectra
The electronic absorption spectra of complexes 2a-c were recorded at room temperature in 10 -3
M and 10 -6 M ethanol solutions in the ranges 450-900 nm and 250-450 nm, respectively. The UV and visible spectra are shown in Fig. 2 and the experimental and computed electronic spectral data are presented in Table 4 . The electronic spectra of complexes 2a-c are very similar to each other and consist of one very intense broad band in the region of 250 to 400 nm, on grounds of TDDFT study attributed to an intraligand π-π* charge transfer (LLCT) transition, and a low-energy absorption band from 450-900 nm region presumably involving frontier orbitals (Table 4 and Section 3.5) [43, 53, 54] . Major computed transition wavelengths contributing to the band, with corresponding oscillator strengths in parenthesis.
Electrochemical study
The electrochemical oxidation of complexes 2a-c was investigated by cyclic voltammetry (CV) in acetonitrile solutions, at 293 K, in the potential range -0.5 to +2.0 V versus SCE reference electrode. The three complexes present a similar potentiodynamic behavior where the stabilized profile exhibits two irreversible anodic waves (Fig. 3) . The first peaks are located at 0.80, 0.70 and 0.60 V whereas the second oxidation waves appeared at 1.35, 1.16 and 1.00 V/SCE for 2a, 2b and 2c, respectively. From our DFT calculations (see below), the first peaks could be assigned to the M(II)/M(III) redox couples, while the second ones could result from the oxidation of soluble dimeric or short oligomeric species generated during the first redox event. The fact that the second wave of 2c is more intense than that observed for its 2a and 2b counterparts (Fig. 3 ) might be due to faster follow up reaction of the mono-oxidized species 2c + , owing to a greater delocalization of the spin density on the ligands (see Section 3.5). In any case we have noted deposits of polymeric species on the electrode surface. This lack of massive deposit of polymer could be attributed to either the weak contribution of the 2-thienyl group to the spin density or to the electron-attracting effect of the CF 3 moieties that limits the extension of the electropolimerization and does only allow the formation of soluble short oligomers with low molecular weight. Very recently, we have shown that when the CF 3 substituent is absent in the thienyl-containing β-diketonate structure, polymeric massive deposits can be obtained on the electrode surface [55] . 
Theoretical investigations
In order to get a better insight into the bonding and properties of compounds 2a-c, we have carried out DFT calculations on these compounds. Details of the calculations are given in section 2.5. Their fully optimized geometries were characterized as true energy minima by vibrational frequency calculations. Those of 2a and 2b were found to be of C 2 symmetry, whereas that of 2c was found to be very close to C 2 , with the C 2 axis bisecting the N-M-N angle. Selected metrical data are given in Tables 2 and 3 MOs which are split in a fully occupied "t 2g " set and an antibonding "e g " set which contains 1, 2 and 3 electrons in 2a, 2b and 2c, respectively. In the three complexes, the occupied "t 2g " orbitals are rather low-lying. In the case of 2a, the unpaired "e g " electron lies in a d z2 -based orbital, the z axis being defined by O(11), Co(1) and O(1) (see Fig. 1 ). In 2b, the two "e g " Fig. 7 ) has a similar general shape as that of 2b, but it is much more delocalized on the ligands. As a result, the Mulliken metal spin density is only 0.68, whereas the major ligand contributions involve the six donor atoms bonded to the metal (Fig. 1), i.e., N (0.14), O(1) (0.18) and O(2) (0.32).
However, the contribution of the 2-thienyl heterocycle to the spin density remains weak. 
Conclusion
To sum up, attempted condensation reactions of bis(2-thenoyltrifluoroacetonato) 
Appendix B. Supplementary material
Intermolecular hydrogen bond interactions in the solid state structures of 2a-c (Fig.   S1 ), selected bond distances and angles for 2a and 2c (Table S1 ), hydrogen bonds in 2a-c (Table S2) , and cartesian coordinates and total energy of the DFT-computed complexes (Table S3) .
Supplementary data associated with this article can be found, in the online version, at 
